Background: Evaluation of cause-specific mortality for public health research depends on accurate death certificates and vital records. However, ill-defined causes of death (termed garbage codes), such as heart failure, are often listed as the underlying cause of death. We examined a regression method proposed by Ahern and colleagues for redistributing deaths attributed to heart failure and compared it to a simulation of the regression method by bootstrapping.
Introduction
Policymakers assess population-level disease burden, largely based on mortality statistics, in order to prioritize health interventions. Efforts to enhance the validity and standardization of the classification of causes of death have been extensive and are ongoing (Naghavi et al., 2010; World Health Organization) . The World Health Organization (WHO) defines the underlying cause of death as "the disease or injury which initiated the train of morbid events leading directly to death, or the circumstance of the accident or violence which produced the fatal injuries" (World Health Organization). Despite releases by the WHO of a "list of conditions unlikely to cause death" in the Appendix of Volume 2 of the second edition of ICD-10, these conditions are frequently listed on death certificates as underlying causes of death, and the corresponding ICD codes have been termed garbage codes (Murray & Lopez, 1996) , as they are not useful for public health analysis of cause-of-death. Garbage codes for cardiovascular disease include heart failure, congestive heart failure, and left ventricular failure (Murray & Lopez, 1996) . Thus, it has been proposed that these garbage codes should be redistributed to improve chronic severe anemia (D50, D55, D56, D57, D58, D59); congenital heart abnormalities (Q20, Q21, Q22, Q23, Q24, Q25); hypertensive heart and kidney diseases (I11, I12, I13); ischemic heart disease (I21, I22, I23, I24, I25); other respiratory diseases (J60, J61, J62, J63, J64, J65); other valve diseases (I34, I35, I36, I37); pericarditis, endocarditis, myocarditis (I33, I40, I31.1); rheumatic heart disease (I05, I06, I07, I08), and thyroid disorders (E00, E01, E02, E03, E04, E05, E06, E07).
Regression Analysis and Interpretation
The regression coefficient represents the change in the proportion of the target group-attributed deaths within the heart failure universe as the proportion of the change in heart failure-attributed deaths over time (Ahern et al., 2011) . A negative beta coefficient (β) indicates that the underlying cause of death in that group is misclassified as heart failure. A β of zero or a positive β indicates that the underlying cause of death in that group is not misclassified as heart failure. Therefore, we dropped target groups that had a zero or a significant positive β from the analysis.
We reran the regression with the smaller target group to ensure no changes in statistical significance in the revised heart failure universe then repeated the regressions until all coefficients were significant and negative (Ahern et al., 2011) . The goal of this method is to obtain a universe of all target groups by using the constant values (y-intercept) from the regressions. The constant value from the target groups with statistically significant (P < 0.05) negative β parameter estimates were scaled to sum to one and represented the redistribution proportions (Ahern et al., 2011) .
Statistical Methods
The SAS procedure SURVEYSELECT (SAS Institute Inc, 2012) was used to obtain an unrestricted random sample equal to the number of decedents in each stratum with equal selection probability and with replacement. Bootstrapping was carried out by generating 3000 samples and estimating the mean intercept and slope parameter estimates and standard errors for the negative β parameter estimates, and calculating the t-statistic and its p-value (Efron, 1979) . Bootstrapping was carried out by assuming that there is a sample of size n and one wished to estimate a parameter and its precision. The empirical distribution in the sample was considered as the probability distribution with probability 1/n assigned to each sample value. The results were stratified by state, race, sex, age group and education. The mean value for the intercept and slopes were calculated and reported. Histograms of the bootstrap distributions, box plots, and Q-Q plots and mean, median, standard deviation and probability that the parameter estimates come from a normal distribution are shown in Appendix A.
Odds ratios for heart failure were calculated using the SAS procedure PROC LOGISTIC by age, sex, race and education, overall and by state.
Results

Population Characteristics
A large proportion of the heart failure deaths were from North Carolina (40.6%), were female decedents (51.1%), and were white (82.0%; Table 1 ). Percentages are of total year of death row.
The distribution of decedents by age, race and level of formal education can be seen to differ by state, in accordance with the population characteristics recorded in the U.S. census. A large proportion of deaths among the target groups were coded as IHD or COPD, which accounted for 19.7% and 6.2% of deaths, respectively (Table 2) . Heart failure accounted for 3.2% of deaths overall, 2.0% in Maryland, 3.7% in Minnesota, 6.4% in Mississippi, and 2.6% in North Carolina. The universe of heart failure deaths (the sum of the numbers in the selected target groups) was 34.0% of the total deaths, ranging from 14.0% for Mississippi to 40.6% for North Carolina. Numbers of deaths were low for chronic severe anemias, congenital heart abnormalities, other respiratory diseases, pericarditis, endocarditis, myocarditis, and rheumatic heart disease and were not considered further. Table 3 shows the odds ratios for death attributed to heart failure by age, sex, race, and education, overall and by state. Vol. 9, No. 3; 2017 The odds of heart failure as the underlying cause of death increased by 55% with every 10 year increase in age, was 0.6% higher in females compared with males, and was 6.3% higher in whites compared to others. A heart failure death was 10.6% lower in decedents with a greater than high school education and 11.4% higher for decedents who had less than high school education compared to decedents with a high school education or less. While states had similar odds ratios for a heart failure death, males had significantly higher odds in Maryland and significantly lower odds in Mississippi compared with females; race (whites compared to others) was not significant in Minnesota and greater than high school education compared with high school education was not signficant in Maryland.
Redistribution of Deaths Attributed to Heart Failure
Of the 62 sub-group analyses, the Ahern regression and bootstrapped regression methods yielded 43 concordant results, as shown in Table 4 . There were no significant differences in redistribution proportions for Maryland females in both age groups, Minnesota males aged < 80 years, Mississippi males in both age groups, or North Carolina males age < 80 years (individual data not shown). Table 5 shows a summary of 9 discordant results where the Ahern regression resulted in significant redistribution proportions, whereas the bootstrapped regression showed no statistically significant results. HS= high school, IHD = ischemic heart disease, COPD = chronic obstructive pulmonary disease, AA = aortic aneurysm, CM = cardiomyopathy, NS = Not significant, MD = Maryland, MN = Minnesota, MS = Mississippi, NC = North Carolina.
There were 10 discordant results, where the Ahern regression redistributed heart failue deaths to more target groups than the bootstrapped regression (Figures 1 to 4) . Overall, the Ahern regression and bootstrapped regression were discordant in 19 out of the 62 (30.6%) subgroups examined (Tables 5 and Figures 1 to 3) . There were 18 (29.0%) subgroups that showed no significant redistribution targets for the Ahern regression and 28 (45.2%) for the bootstrapped regression (Tables 4 and 5 ). Ischemic heart disease was a distribution target for 28 (45.2%) of the Ahern regression subgroups and for 22 (35.5%) of the bootstrapped regression subgroups (Tables  4 to 6 ). Figure 1 . Discordant results between Ahern and bootstrapped regression methods for all participants, all males, and all > HS (education more than high school). IHD = ischemic heart disease, COPD = chronic obstructive pulmonary disease, AA = aortic aneurysm, CM = cardiomyopathy, HS= high school
The Ahern regression redistributed 12.8% of all heart failure deaths to other valve diseases in Maryland, but no redistribution to other valve diseases occurred in Maryland males or females in any age or education group. We looked further into the discordant results for an illustration (as all other discordant results showed similar findings); we use the results for the first pie graph in Figure 2 where the Ahern method distributed 65% to COPD, 22.2% to cardiomyopathy and 12.8% to other valve diseases. In contrast, the bootstrapped method distributed 100% to other valve diseases. We further examined the bootstrapped regression coefficients for cardiomyopathy and COPD. We note that in the Appendix B, the p-values for the bootstrapped regression coefficient for Maryland decedents were 0.06 and 0.07 for COPD and cardiomyopathy, respectively. These p-values were of borderline significance and when replicate samples of size 3,000 were taken from the sample they were no longer significant. The p-values were calculated by taking the mean of the 3,000 regression coefficients and standard errors and calculating the t-value and associated p-value. When we calculated the mean of the p-values for the 3,000 bootstrapped values we observed a p-value of 0.096 for COPD as the p-values were skewed towards the null values and a median p-value of 0.059. Similarly, the mean of the 3,000 bootstrapped p-values for cardiomyopathy was 0.108 and the median was 0.061. Figure 2 . Discordant results between Ahern and bootstrapped regression methods for Maryland (MD), Minnesota (MN), and Minnesota males aged >= 80 years with < HS (education less than high school). IHD = ischemic heart disease, COPD = chronic obstructive pulmonary disease, AA = aortic aneurysm, CM = cardiomyopathy, OVD= other valve diseases, HS= high school Although hypertensive heart disease was not an important redistribution target in decedents in Maryland, in decedents aged ≤ 79 years or decedents with a high school education, hypertensive heart disease represented 33.2% of the heart failure redistribution target in males aged ≤ 79 year with a high school education for the Ahern regression method, but not the bootstrapped regression. Despite IHD being a 100% redistribution target for heart failure in those aged ≥ 80 years by the Ahern regression, it was not a redistribution target in Maryland male or female decedents aged ≥ 80 years in any education subgroup. Similarly, despite aortic aneurysm representing a 6.1% heart failure redistribution target for the Ahern regression in Minnesota decedents, 4.9% redistribution target in the decedents with a high school and 5.5% in the greater than high school education groups, it was not a significant redistribution target in males of any age or education group. Other inconsistencies were noted but are not listed here (data not shown). Figure 3 . Discordant results between Ahern and bootstrapped regression methods for Minnesota (MN) females aged >=80 years <HS (education less than high school), Mississippi females aged >=80 years <HS, and Mississippi females aged >=80 years >HS (education more than high school). IHD = ischemic heart disease, COPD = chronic obstructive pulmonary disease, AA = aortic aneurysm, CM = cardiomyopathy, HS= high school
The intercepts of the regression equations with significant target codes were scaled to represent 100% and the significant target groups expressed as a proportion out of 100 (Appendix 1). While the majority of the intercepts added up to > 0.850 after dropping the positive β's for the Ahern regression, the following groups showed insignificant constants for IHD and significant constants for other disease or diseases that were less than the constant for IHD: decedents in Maryland had a total for the significant constants of 0.374 for COPD, cardiomyopathy and other valve diseases and a non-significant 0.487 for IHD; male decedents in Maryland aged ≤ 79 years with an education of less than high school had a significant constant for cardiomyopathy of 0.063 and a non-significant constant of 0.639 for IHD; male decedents in Maryland aged ≥ 80 years with a high school education had a significant constant of 0.098 for cardiomyopathy and a non-significant constant of 0.637 for IHD; Minnesota males aged ≥ 80 years with a high school education had a significant constant for COPD of 0.346 and an insignificant constant for IHD of 0.511; Minnesota males aged ≥ 80 years with a greater than high school education had a significant constant for COPD of 0.286 and an insignificant constant for IHD of 0.532; Mississippi males aged ≤ 79 years with a high school education had a significant constant for COPD of 0.050 and an insignificant constant for IHD of 0.645; and North Carolina females aged ≥ 80 years with a less than high school education had a significant constant for COPD and aortic aneurysm of 0.266 and an insignificant constant for IHD of 0.704. Figure 4 . Discordant results between Ahern and bootstrapped regression methods for North Carolina (NC) females aged >=80 years <H=S (education less than high school). IHD = ischemic heart disease, AA = aortic aneurysm, HS= high school
Discussion
Although the predominant causes of heart failure are known to vary in different regions of the world, the main risk factors for heart failure typically include IHD, hypertension, rheumatic fever, valvular heart disease, cardiopulmonary disease, cardiomyopathy and "other", as highlighted by a recent meta-analysis (Khatibzadeh, Farzadfar, Oliver, Ezzati, & Moran, 2013) . Within Western high income countries, age and sex adjusted models showed that 51.6% of heart failure deaths were attributable to IHD, and approximately 25% to hypertension, 10% to valvular and rheumatic heart disease, 2% to cardiopulmonary disease, 5% to cardiomyopathy, and 3% to other (Murdoch et al., 1998) . The contribution of education was not examined. Previous studies have used education level as a surrogate for socioeconomic status to match the socioeconomic status of decedents ' (Khatibzadeh, Farzadfar, Oliver, Ezzati, & Moran, 2013; Snyder et al., 2014; Stevens, King, & Shibuya, 2010) . Although the manuscript by Stevens et al. (Stevens, King, & Shibuya, 2010) only saw a noticeable SES gradient in HF redistribution in Mexico and Brazil, the authors inferred that death records for a certain demographic group might be of poorer quality than that of the reference group or that the multiple causes of death might be inconsistently listed for different demographic groups.
Consistent with the literature (Forman, Ahmed, & Fleg, 2013; Khatibzadeh, Farzadfar, Oliver, Ezzati, & Moran, 2013) , we found that the odds of death attributed to heart failure in the population studied increased with age, was higher in whites and lower in decedents with greater than high school education compared to those with less than high school education. The regression method and bootstrapped regression methods were discordant in 19 (30.6%) out of the 62 subgroups examined. There were 18 (29.0%) subgroups that did not have significant redistribution targets for the Ahern regression and 28 (45.2%) for the bootstrapped regression. IHD was a redistribution target for 28 (45.2%) of the Ahern regression subgroups and 22 (35.5%) of the bootstrapped regression subgroups.
For the Ahern regression, cardiomyopathy represented 100% of heart failure deaths in Maryland males aged ≥ 80 years with a greater than high school education, 22.2% of heart failure deaths in Maryland, 17.1% of heart failure deaths in all male decedents and 7.2% of Minnesota females aged ≥ 80 years with greater than high school education (Table 4 and Table 6 ). Cardiomyopathy, however, was only significant for 18.7% of heart failure deaths in male decedents in the bootstrapped regression. In contrast, a world-wide meta-analysis reported a maximum median of approximately 20% in Latin American countries was due to cardiomyopathy, 26% in Caribbean and Sub-Saharan Africa countries, and approximately 5% due to cardiomyopathy in Western high income countries (Khatibzadeh, Farzadfar, Oliver, Ezzati, & Moran, 2013) .
The current study found between 2.9% to 8.5% of aortic aneurysm as a target group for deaths attributed to heart failure as estimated from the Ahern regression and a slightly lower proportion (4.4% to 6.8%) for the bootstrapped regression. Prevalence figures for aortic aneurysm vary widely, from 11.6% in elderly patients with www.ccsenet.org/gjhs Global Journal of Health Science Vol. 9, No. 3; 2017 hypertension (Tsuchie et al., 2013) to 2% in middle-aged patients with acute coronary syndrome (Leong, Ariffin, Chuah, & Voo, 2013) , and prevalences of aortic aneurysms of 3 to 4% are cited from epidemiological studies (Wilson, Choke, Dawson, Loftus, & Thompson, 2006) . Overall, abdominal aneurysms are reported to be four to six times more common in males than in females (Vardulaki et al., 2000) , yet both redistribution methods in the current study reported 4.7% of heart failure deaths attributed to aortic aneurysm in males compared to 4.4% in females. The current study also showed both methods estimated 5.4% of heart failure deaths to aortic aneurysm in males and females with a higher than high school education, a finding that doesn't appear to have been examined previously.
We considered an alternative to the Ahern regression method proposed by Murray et al (Murray et al., 2008 ) that uses multinomial logistic regression to estimate effects of individual and community factors on assigning a death to a given condition, or to estimate state-level cause-specific death rates standardized for individual and community factors (Murray et al., 2008) . This method would be useful to adjust for covariates, but without adjustments this method only provides the crude proportions (when heart failure as the underlying cause of death is left out of the frequency table). Therefore, this method provides an easy way of calculating the proportionate redistribution to the well-defined causes of death conditional on factors such as age, sex or education level. Because our goal was to report redistribution proportions by age, sex, and education group, the multinomial model was not appropriate.
We conclude that the regression method proposed by Ahern et al. (Ahern et al., 2011) to redistribute ill-defined causes of death to target groups is model dependent. As noted by Iacus et al. (Iacus, King, & Porro, 2011) , when there is no matching or units have been matched at all costs regardless of whether a reasonable match exists, the result is the production of highly model dependent inferences, which appears to have happened with both the Ahern method and the bootstrapped method. A better method of redistributing heart failure deaths appears to be that of coarsened exact matching (Stevens, King, & Shibuya, 2010) , which has been reported on previously (Snyder et al., 2014) . Although coarsened exact matching requires multiple-cause-of death information, it is a nonparametric and less computer-intensive method, not dependent on assumptions about the functional form, and is not affected by incorrect assumptions (Stevens, King, & Shibuya, 2010) . Compared to multinomial and logistic regression, coarsened exact matching does not require pre-selecting underlying causes of death to which the garbage coded cause of death are to be reassigned (Stevens, King, & Shibuya, 2010) and for these reasons, coarsened exact matching offers a practical way to redistribute underlying causes of death attributed to garbage codes, such as heart failure.
Limitations
Both methods were computationally expensive and time consuming because of their iterative natures. The target groups had to be processed one at a time and if the slope of the regression coefficient was positive, that target group was dropped with a concomitant drop in the total number in the heart failure universe. This requires repeating the earlier regressions with the smaller universe to ensure that there were no changes to the statistical significance of the models. As is the case for most studies on mortality data, the current study is also limited by the lack of the gold standard autopsy data to determine the true underlying cause of death (Burnand & Feinstein, 1992 ). An alternate benchmark method of redistributing the deaths assigned to ill-defined causes would be a review and adjudication of the deaths by expert panels, with redistribution based on the adjudication. The associated costs inhibit the implementation of such studies, and it must also be noted, that it is not always possible to unequivocally assign an underlying cause of death (Coady et al., 2001; Rosamond et al., 2004) . Ahern et al. developed their method using country-level data globally (Ahern et al., 2011) , which is likely to have more variability than the four U.S. states used here.
Conclusions
In conclusion, the common reliance on the underlying cause of death for public health analysis should emphasize the value of standardized death certification and ICD coding for accurate cause of death certification and vital registration data. Improving the overall validity of death certificate information is important for public health planning. The Ahern regression had a tendency to redistribute to more targets compared to the bootstrapped regression. Both the Ahern regression and the bootstrapped methods required a large amount of computer programming, and importantly, the results appeared to depend on the choices of sex-age-education group strata.
Other methods such as coarsened exact matching and improvements to the Ahern approach are desirable additions to the tools available to mitigate the impact of garbage codes on the accuracy of death certification. KS test = Kolmogorov-Smirnov test for the probability that the parameter estimate comes from a normal distribution. AA = Aortic aneurism, IHD = Ischemic Heart Disease. Table A1 shows that the mean and median of the bootstrapped distributions for Aortic Aneurism and Ischemic heart disease were close and that the Kolmogorov-Smirnov test for the probability that the parameter estimates came from a normal distribution were not rejected. Histograms, boxplots and Q-Qplots for the aortic aneurysm intercept ( Figure A1 ) and slope ( Figure A2 ) and ischemic heart disease intercept ( Figure A3 ) and slope ( Figure  A4 ) all show no evidence that the bootstrapped data did not come from a normal distribution. ARIC = Atherosclerosis Risk in Communities, MD = Maryland, MN = Minnesota, MS = Mississippi, NC = North Carolina, F = female, M = male, HS = High school, edgp = education group, IHD = ischemic heart disease, COPD = chronic obstructive pulmonary disease, AA = aortic aneurysm, CM = cardiomyopathy, OVD = other valve diseases.
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